Acute kidney injury (AKI) is an independent risk factor for increased morbidity and mortality in critically ill patients. However, the eff ects of AKI extend beyond the incident hospital stay to include more long-lasting eff ects on patient outcome and progression of chronic kidney disease (CKD). A recent paper by Chun-Fu Lai and colleagues [1] , despite the inherent limitations of a retrospective study, has great clinical importance in adding to our understanding of the lasting eff ects of AKI on patient outcomes.
We are well aware that patients with pre-existing renal dysfunction are at high risk for AKI when admitted to the ICU [2, 3] . However, how do we judge risk in those patients with an estimated glomerular fi ltration rate (GFR) or a measured GFR that is greater than 60 ml/ minute? Within this group, there is likely much heterogeneity in functional renal mass, reserve and likely risk for AKI. For example, think of these following patients: patient 1, a 45-year-old male with a normal renal ultrasound and a GFR of 120 ml/minute; patient 2, a 45-year-old male with a history of a unilateral nephrectomy secondary to trauma at 6 years of age and a GFR of 110 ml/minute; patient 3, a 70-year-old male with a recent kidney biopsy showing that 30% of his glomeruli are sclerotic and a GFR of 97 ml/minute; patient 4, a 30-year-old female, vegetarian with a normal renal ultrasound and a GFR of 70 ml/minute; and patient 5, a 62-year-old female with documented CKD and a GFR of 42 ml/minute.
In the fi rst three cases, all patients have a normal GFR despite diff erences in their functional renal mass, while a low GFR is observed in the fourth case in a young vegetarian female with no detectable renal disease. Th e fi fth clearly has CKD. Do the fi rst three patients have the same renal function? Th e baseline GFR would suggest so, but this is unlikely to be true. In fact, if an increased functional demand were placed on the kidneys, it is likely that only patient 1 would be able to adequately increase GFR. Th is introduces the concept of renal functional reserve (RFR). It has been demonstrated that following stimulation with protein loading, either oral or intravenous, GFR can signifi cantly increase to a value defi ned as GFRmax; the diff erence between baseline and GFRmax is defi ned as the RFR [4] . Th is is graphically represented in Figure 1 . For patient 1, RFR is intact and a GFRmax can be reached in response to specifi c stimuli. Th is would be true irrespective of his baseline GFR. In patient 2 baseline GFR is normal but in the presence of stimulation the GFR does not change, showing there is no RFR. Patient 3 has only a limited RFR and, after stimulation, a small increase of GFR can be demonstrated with a lower GFRmax than seen in patient 1. Patient 4 has a low baseline GFR but after stimulation she can increase GFRmax to 170 ml/ minute, showing an intact RFR. Patient 5 has no RFR and the low baseline GFR does not increase at all after stimulation.
Th ese examples demonstrate that baseline GFR does not necessarily tell the full story about the anatomical and functional conditions of the kidney and that a normal baseline GFR can be present despite signifi cant renal impairment. Th us, when a critically ill patient has a Abstract Acute kidney injury (AKI) occurring in patients admitted to the ICU may result in impaired renal function on long-term follow-up after ICU discharge. The damage induced by subclinical or manifest episodes of AKI may, in fact, produce an irreversible loss of a variable amount of renal mass with deleterious eff ects on overall renal function. This may be the case even though baseline glomerular fi ltration rate appears to return to normal but renal reserve is impaired. This may have an important eff ect on long-term outcomes, including progression to chronic kidney disease. Acute kidney insults should not be considered as isolated episodes but rather a sequence of progressive events that can lead to progressive deterioration of kidney tissue and eventual declines in renal function. normal baseline GFR, he could potentially be at increased risk of AKI due to a loss of RFR. Furthermore, when an episode of AKI is resolved and renal function recovery appears complete by measurement of GFR, this does not necessarily mean that a full restoration of renal mass and RFR has also occurred. For instance, if the patient has had an irreversible loss of 30% of the nephron mass, his baseline GFR may go back to normal but his RFR may be impaired. Th is will have consequences on future exposures to nephrotoxic insults and possibly on the progression of CKD. In some cases, episodes of AKI may occur and remain subclinical if only studied according to changes in creatinine and GFR [5] . In such conditions, even if creatinine does not increase during ICU stay, an episode of AKI may be documented by sensitive biomarkers that detect renal injury. Th ese seemingly innocuous insults may result in worse long-term outcomes [6] . Finally, repeated episodes of AKI, even if dialysis is not required, may result in signifi cant and progressive damage, progressively reducing RFR and leaving the patient with undiagnosed CKD. When the patient receives further insults or his clinical condition simply evolves due to comorbid conditions such as diabetes or hypertension, the CKD becomes manifest and can progressively accelerate. Th e lower the remnant kidney mass, the higher will be the stress imposed to residual nephrons, resulting in hyperfi ltration and progression of kidney disease.
With these considerations, the paper by Chun-Fu Lai and colleagues becomes of signifi cant importance for those caring for AKI in the ICU setting as well as those following the survivors of ICU admissions. Th e occurrence of subclinical or more signifi cant episodes of AKI may have a deleterious eff ect on kidney function, even though baseline GFR seems to return to normal. Th is may have an important eff ect on long-term outcomes in such patients. As opposed to other organ systems, kidney dysfunction may evolve silently until it is too late. Acute kidney insults should not be considered as isolated episodes but rather a sequence of progressive events that can lead to progressive deterioration of kidney tissue and eventual declines in renal function. Figure 1 . The GFR/renal mass domain map. Baseline and maximum glomerular fi ltration rate (max GFR) can be signifi cantly diff erent for renal mass greater than 50%. In this case renal functional reserve (RFR) is still present. For renal mass less than 50%, baseline and max GFR are often the same unless a very low protein diet is in place. See text for explanation; numbers refer to the cases discussed in the text.
Ronco and Rosner Critical Care 2012, 16:144 http://ccforum.com/content/16/4/144
